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EFFECT OF WING LEADING-EDGE SLOTS ,ON THE SPIN AND
-RECOVERY CHARACTERISTICS OF AIRPLANES

By Anshal I. Neihouse and Marvin Pitkin
SUMMARY

An investigutlion has been made in the NACA 15-foot
free~spinning tunnel to determine the effect of wing
leading-edge sluts on spln and recovery characteristices.
Results obtained from these tests estadlish a oriterion
from which the adverese or favorable effects of slots may
be predicted from a nondimensional masa-distridbution
parameter,

The results indicate that, for single-~engine designs
with mass distributed heavily along the wings and for
rpultlengline deslgns, recovery will be slower with elots
open than with slots closed and the spin will be flatter
and at a lower rate of descent. If the mases 1s distridbuted
heavily along the fuselege, however, recovery will be more
rapld with slots open than with alots closed when the ele- ;
vator ie neutral or down, although there will dbe little ap- {
parent effect when the elevator ie full up. There will be !
little effect upon the angle of attack or rate of descent
when slote are open and when the masse 1s distributed
heavily mlong the fusclage.,

!

The slots, when open, will depress the inboard wing
of an alrplane regardlese of loading.

INTRODUCTICN

The use of leading-edge slots on the wings of certaln
types of Amerlican airplane %o improve the atalling charac-
.teristics or to i1ncrease the spded range has recently in-
creased. Indications that slots may have a large influ-
ence on the bekhavior of an airplane in a spin have been
reported in references 1 to 6. These references lndicate
that the effect of slots may be either detrimental or




beneficlial but do not provide means for predicting the ef-
feoct for a particular condition unless the spin character-
igtice of the ‘alrplane without slote arse definltely known.
The investigation in the WACA 165-foot free-splnning tunnel
reported 1n the prerent paper was undertaken in an attemot
to relate the effect of slots on spin and recovery charac-
teristics to the mass distribution of the alrplane.

Five models of recent airplanes of widely different
types, all having slots, were tested with the slots both
open and closed. The mass dlstributions were varied to
cover a wide range of loadings from a single-engine mass
distribution with masse.distributed chliefly along the fuse-
lage to a multiengine mase distribution with mees distrid-
uted chiefly slong the wings. The effects of the slots on
the steady-~spln and recovery characteristice were deter-
mined.

APPARATUS AND TESTS

The airplanes represented by the five models used
for the investigation are briefly described in table I
and photographs of the models are given as fligures 1 to
6. The models were constructed of balsa and were bal-
lasted for the desired loading conditions by the instal-
letion of lead welghts at sultable locations, A clock-
work mechanism was ingtalled to actuate the recovery con-
trol.

The leading-edge slots on the models were of both
the partial-epan and the full-span types. Comparative
teste were made 0of the slot-open and elot-closed condil-
tions for each loading condition., The center of gravity
for pach model was kept in the same position during the
mass—dietridbution changes although the total mass vaerled
a small amount,

The NACA 16~foot free—-spinning tunnel and spin-
testing technique are described in detail in reference 6.
Briefly, the models, with the rudder set for a spin, are
ched by hand with rotation and 1in a splnnlng attitude
nto the vertical upward air stream of the tunnel. The
alrspeed of the tunnel 1s adJjusted to equal the rate of
descent of the model; the model 1s thue kept at a flxed
height for observation and measurements until recovery 1s
attempted. During the steady spln observatlons are made
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.of the angle o between the thrust axlis and the vartical
wvhich 1g approrimately equal to ‘the angle of ‘Rttdck; the
angle . § betwgen the ‘spar axi®e and the horizontal; the

‘angular velocity () about the spin axis; and the rate of

“descent V.

Recovery is attempted by full and rapid reversal of
the rudder. The turns for recovery are teken as the num-
bar_oflturﬁs made by the model from the time the rudder
i1s reversed until the spin rotatinn ceases. The leading-
edge slots were considered to have a "favorable" effegt
when the number of turns for recovery was less with the
slots open than with the slote cloused.

RESULTS

. The ocuantitative results of the investigation are
Presented In tables II and III, Table II shows the
steady—-splin data and table III, the recovery data., The
s8lot effecte are presented oualitatively in figure 6 and
in tablea IV and V.

The data presented in tables II and III are believed
to represent the true model values within the follcwing
limits: .

&, degTees . . . . . 4 e e e e e e e e . . ozl
¢, degreea . . . . . ., . . . - |
V, percent . . . . e e . . . =2
2, percent . ., . . . . . . . s s & s s s s s+ s+ a2 %3
Turns for recovery . . . . v e e e e s s e e *é

All spins were made to the right and positive wvalues
of the angle of wing tilt @ indicate that the right -
that is, the inner - wing 1s down.

DISCUSSION .

The 1nfluence of mass d&istridutlon upon the effeot of
slote on recovery was somewhat more evident for the spins
when both elevator and ailerone& were neutral; accordingly.
these resulte were first plotted (fig. 6)-to show the in-
fluence of each of the three inertia moment' parameters
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X _ ¥ . b4 3 , and 5 . Flgure 6 indicates
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that, although partial eeparation of the favorable and the
adverse effeots of slots may be obtained by consideration

Iz -1
of the 1nertia pltching-moment parameter ?Z_;E_l or
: m
' Iy ~ Iz
of the inertia rolling-moment parameter ——7— , Pprac-
mb

tically complete separation of the effects can be obtalned

Iy - 1
when the lnertia yawlng~moment parameter —E—;g—! is con-
m

sldered. The same condltion was found for aileron and
elevator effects in reference 7. The inertia yawing-
moment parameter depends on the relative loadlng along
the fuselage and winge; the value of thlis parameter in-
creasee algebraically when mass is added along the wilngs
or removed glong the fuselage. Figure 6 shows that the
reversal from an adverse to s favorable slot effect oc-
curred at a value of the parameter of approximately

-80 x 10°%,

Ag & result of the indications of figure 6, tables
IV and V were prepared to compare the aqualitative recov-
ery data on the basis of the inertia yawlng-moment param-
eter. In table IV, the data are arranged to show the ef-
fect of elots for loadlng veriatlons of the individual
models; whereas in table V the date are grouped together
for all models. These data indicate that, for the models
of which the spin characterietics were investigated for
more than one mmess distributlon, the slot effect tended

Iy -1
to become adverse ar the value of —E—gg—z vas algebra-
m
Ix - Iy
ically increased, As the valus of =7 became alge-

braically smaller, the open slots tended to have a favor-
adle effect when the €levator was neutrel or down amd to
Jhave little effect when the elevator was full up.  The
fact that separation of favorable and adverse effects 1s
not complete indicates that mass distribution, although a
primary factor, is not the eole factor which determines
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slot effect. TFor elevator-up configurations, for example,
the ‘critical value of- the parameter appears t0 be shifted
to a larger negative value than for the elevator-neutral
and elevator-down configurations. In some cases when re-
coverles with slcts closed were elther extremely rapid or-
extremely slow, the effect of opening the slots was not
noticeable. This fact accounts for the occurrence of a
large proportion of the neutral effects at either end of
the mass~-parameter scale,

The results are interpreted as indicating that open
slcts wlll retard recovery for airplaneas with mase distri-
buted chiefly along the wings ~ that is, multiengine air-
Planes or single-engine airplsnes with armament or fuel
lvcated in the wings ~ and that the effect may be of
serious magnltude. If the mass distribution 1s suffil-
ciently light aleng the winigs and heavy along the fuse-
lage, open slots--will generally assiwt retovery when the
elevator is reutral or down and will have little effect
when the elevetor is full up. O

The effect of alots on the steady-spin parameters,
as shown by a study of table II, appears to be a change
of angle of wing tilt which leads to lowering of the in-
board tip when the slots are open., Thie effect occurred
regardless of loeding, control setting, and indivijual
model characteristics, Tor loading conditions for which

Ix - Iy

2 wvas algebraically greater than approximately

mb

-80 x 10'4, open aslcte tended to flatten the spin and to
decrease the vertical velocity. TFor loadings for which

Ix - Iy

P wags algebraically less than aspproximately
mb

~80 X 10-‘, open slots had only a esmall effect upon angle
of attack and vertical veloclity.

In general, it may bes said that, for both recoveries
and steady spins, the adverse effects were ¢f larger mag-
nitude than were the favorable effectes. No consistent
trend of the effeot of slots on the angular velocity was
noted,



CONCLUSIONS

From tests in the NACA 165-foot free-spinning tunnel
of five models of recent alrplanes having slots on the
leading edges o0f the wings, the following conclusions are
indlcated:

l. Leadling-edge slots, either partlal or full span,
may seriously affect the recovery from the spin. The eof-~
fect may be elther asdverse or favorable depending on the
masg distribution of the airplane,

2, The adverese or favorable slot effect may be gen-—
erally predicted from deasign data by use of a nondimen-
slonal masse-disgtribution parameter.

-+ 3, Yor single-engine designs with mase distributed
heavlily elong the winga and for multiengine designa, opeu
slots will have an adverse effect on spin recoverles.

For single-engine designs heavily loaded alcng the fuse-
lage, open slots will generally improve spln recoverles
when the elevator 1s neutral or down; there will be only
little effect when the elevator is full up.

4, Open slots will tend to depress the inboard wing
in.a spln, regardlese of mass distribution., For mass
dlstributions for which open slcts have an adverse effect
on recovery, the epln will be flatter and the rate of
descent lower with glots open than with slots closed.

For mass distributions for which open slcts are favorable
to recovery, there will be only little effect upon the
steady spin when the slots are opened.

Langley Memorial Aeronautical Laboratory,
National Adviesory Committee for Aeronautics,
Langley Field, Va.
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TABLE I

MOMENTS OF INERTIA OF AIRPLANES

REPRESENTED BY MODZELS

—
Full-scale moment Bagic
Model a‘iype’l;i w:irplane TvPe of | of inertie sbout | loading
lug-ft —
(£1) (slug-£57) e
Iy | Iy Iy (a)
Tip, each 37
1 11"“‘ “‘:zt 24,3 |percent of |3285]| 5,540( 8,550{-91 x 10
.ow ng semispan
Scout Tip, each 29
2 |bomber 50,90 parcent of. |8150113,475|20,470|-48
low wlng semispan
b
3 gizﬁr:i’;ém 40.8 |Full span |3705| 4,970| 7,580|-48
Scout H |
4 ;:gg;"l::?n 22.0 |Full span |2958| 8,739 110,715|-244
midving
Observation
5 :2’;}{'&“ ®36.0 |Full span |36101 5,710] 7,070{-98
biplane i

8symtol m denotes mass of airplane.
bUpper wing.




TABLE II

YO¥N

EFFECT OF SLOTS ON STEADY-SPIN CHARACTERISTI CS .
Eul spins made to the right; all values of V given in fps (full scale); a and @, in deg; & 1in radians/sec (full lclle] .

| Mlerons with | Mleromsmewtral o AMlerons sgatnst
Elevator Elevator Elevator
ag-1 2% b;Y Slots Up Neutral ‘ Down Up Neutral [ bown Up Neutral Down
tng ) N . e ey — e g o LTRE o
“” vVialgl O vJa[;iJn vJaklﬂ v aﬂrﬂ V{QT;J;Q v  alg| Q via|g| Q vq“ Qivialg|Q

[y

dl S et ‘ R T B - ]

1: Velocity ¢t .
S| Dign to test] high te test| wign te vesy|2b0|29] 0l 2.52] 189 L1! 1] 3.200199 38 | 0]3.53 [2xh] = |-~-| 2.6 19558 -1 | 5.32/201] 36 | -L}3.50
A |-91x10" - e T -4 - — . BN S J U S
’ open Oscillatory | Oscillatory | Velocity too d .
wandering wandering high to test!187!L9 6+2.h5 181 La| Li 3.1622; 1341 3/389)187|40| O} =--=l179L3 ] 2'1 2,981 187} = =] eed ccue

e m— - B O J SR

Closed | O3cillatory [ Veloecity too| Velocity too
wanderling high to test; high to test|230(31

2.71| 199; 4o/ -1} 3.0820536 | -1/ 3.62|218) 36 | -3| 2. 62|201[36 41 3.26l 2071 32 | -5]3.53

o

: 0|
B |-61 : - - I Rt
Open 177 J N R et --1; ----5183 Lo} 8]3.12]185[50 L 2.56] ===l ewf <ol w-eel175\46| L)3.1L189] L8] O] 2,54 |- oet| === 285 361 0]3.13

ik il

S R O PO N 02,92 cmcl anl oo| —oad20 L. Veloclity too |__l..|.. --'.j Velocity too
Close 205/ 3 .39|25233 9 2031 32]-3h.33 1 e aat high to test

C -22 T T T

Open (1711 55(713.19f ===/==|~ - 16953} 6 i-_?h 173152 31 3.13] ==e} =e] ~=f =--a167 ol Liz32 1'(7L57] °L2-89 == === == 189137‘ ‘1]3-55

7
Closed [189{ 4814
D 10 1 H

coelea] afeceal anal ool o RN VN SR SR Velocity too Velocity too} Velocity too
2.8 2.83) 244 ML I 2.83 226)33| 0|23 | pyon to test | high to test| high to test

open [17157/5|3.22| ==={ =~ =~ ----1161 SLES!3. 54173155 3| 3.13] =eef <o) -o| ---ej165|52{ 3 33‘2 188/ h7| 1| 2.69|===l=-|==| ===4 28| k7| Of3.49
Closed O"rl‘é“;")’ 266(21|5|4.55] 229] 2l of L. 68[182] 39| 1] 2.52| 16l L6&| -3| 2.88160(L47|-3(3.20 [178 43| -3 2.36{ 158 B} -5|-2.02 Bl L9 | -L|2.9k
A a8 wandering ~ OO - ﬂ.Jq_-, SN (U N S G
[0 e e et Bt L e B B I B B B B B B T I T T r (O (v vy Sl SRS S [Py QR I S e R B ol I T P
e S [ S R ,_.4’._. - . . - - - — - . RN SN . - . P S & -
R Closed [185]35(7]2.24] 17%{35 2@.35 165( 35 0] 3.50/201 28 -3} 2.82 177 34| -6 3.LY 161] 37| -8342 | 211] 24]-11{ 1.95] No spin [ 165{331-27{3.LL
open f1Lk|52]72.70{130|56|313.20| 12l 57| 3| 5.34|156{ k8| 2|2.60| 128] 57| -2| 3.20118/60)~2|3.32 | 160 43| 1| 2.50] 13257 -(5}5.15 128 571 -L{3.20
Closed| No spin X:;,‘;%E.’Ji"é xf;g%gn;gg No apin 199 23 -1 3.67 1h3|k2| 2| 271 {136 53| -§ 2.02 46i2.2hr126 sl | -6}2.52
A 4y, ——l .y T T T TR IR T S SRS UG R D R . *__lw_
Open No spin No-spin No spin No spin ' No spin No spin 128 55) -2} 1.90 <32.32/ 121150| © 2.2
C1080d |-nn| == | =amal 156(25] 7]l 06] -=uf =] -] ----[129] L] -2] 2.72|P120] BY7]P-1] B3, 31 118 [ o] 348 -- == | TT =<II[11g50] ol 3.3h] ~{ = | <] ===
A =% open  |mmef mm el mmmad eaf mal ol cmea] cod cef e o] S oo TRus0] Bl0| By B3,25 cadan | o] oean] aod o] me] caoe] o mfom SR (AR AR e o DO
A A o _J_..__u_JL,,__L N el

%Bastc loading denated by A; veriations by B, C, and D.

bRecoveries from this spln are 1& turns with slots closed, 1 turn with slots open.



TAMX III.~ EFFECT OF &.OTS ON rEcOVERIES®

10
[ALL recoveries attempted by full rudder reversal - full with to full against] ¥aca
Te - I Allerons with Allerons neutral Allerons against
Medel [Losding -5;.! Klevator Elevator Elevator
(v) Up Heutral Down Up Neutral Down Up Reutral Down
by A [e1x107% 2[(e) (a)}(e) (a)}(s) (o) A\A A\A KA
+—+ 4““~F
° 3
o ey
} B |-61L 2| (a) (o) 0o, (c-)/) — +—t —t + Jo | +—+t
0 /O o @)
o
. 3
g 2 &)z o SOZ TN
0 A o o = A
o o7 | 7 o
1 | o |10 2 (Ccyo (éy) (yo
° B 04 @ 0o HO
& / /
2 A =48 21(d) (o)
o - R i xj"“jfj‘ \@ N r(b
n +—t 4 <
- N | ¢
2 B 78 § 2 dn:c (e) (o) dl:l dl::u ()
% olsé ey v, n j@ @ @l @ @
5 +—+ | +—+ +—+ | +
(%
2 ¢ [-l43 a 2|te) (e) (e) (e} (s) ()
Eo +\I j0_ 4| o o 122} It 22} 12 i
(i N L] g — O 7
2 ] h 2 (4) (e)
<) - 34 * =2 —3¢
‘ o/éf” LA A S
Tk | TS
0 JAY O/O
\A T
3 B [-159 2 A\A (&) O (e)
+—+ Sn
o | +—
- e
A\A B
L a 214y 2 (o) (e) l\ 'k‘/l-
ol se—se| Fomge [ Tmse |5 e z;\\‘s< LS
2 »
L » - 2{te) (1) o) O/O (2/(5 Q/o \/o ((-))/O
o O/ 3 ‘f'/*- }-x)

Syotation used throughout as follows:
(1) Left-hand symbol denotes slots closed; right-hand symbol, alots opem.

(2) O/O}; Slots adverse to recovery when h > % turn.
- ¥

{(3) _*/Fé: Slots shew no effest on recovery whea h( é turn.

(¢8) A—i——t&_h Slots favorable to resovery when <h) % turn.

£€

(2) é Y Arrowed o0l denotes no recovery im Y turns.
(6) X Model would not spin.

Ppasic loading denoted by &; variatlioms, by B,C, and D.

Cyelocity too high to test. (Cemsidersd to recover in not wore than 1/2 targ.)

‘lpin wandering and ocscillatory.

f3rin stesp, wandering, amd oscillatory. (Considered to recover in not more than 1/2 turn.)

f3pin wends:

(1 block = 10/40")
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TABLE IV. - SLOT EFFECT® FOR VARIED MASS DISTRIBUTION >
Control Model
Allerons |Elevator 1 2
| j ® 10 + — O +| O + — +
With Neutral O 'F 4+ — 4+ O A C) s
w5 0 O 4|+ + + +] O A O +
®» 10 0 4+ +|— 0 — 0} O — O +
Neutral [ Neutral O O + A O O — 4_. C) A o A
8 1O O 4+ A|O + + +| O & | O A
Agalrnst N Eiral O O + +10 O O O O —F' () +
O —— A|O O O +| O O O A
Pm 1O O + A+ O O +| O O o A
Loadlng (2) D ¢ B A |D A B C A B ‘B A
X ;aIY 15 -22 =61 -91| 74 -L8 -78 -143| -L8 -159 ;1u -ghu,qg*

lgrrect of slots on recovery - adverse denoted by o; none, by +; favorable, by A:
Incomplete data, by —.

2zasic loading denoted by A; variations, by B, ¢, and D.

N
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TABLE V. - ADVERSE OR FAVORABLE SLOT EFFECT! AS DETERMINED BY
THE MASS-DISTRIBUTION PARAMETER B__;.;.X

Control M‘(’gjl
Allerms|{Elevator| 2 1 L 13424 1 2 1A5 2 5 La
Up -+ O —_—QO0—— O0—— + -+
With Weutral|+ O O—04+ — —— — + A -+
Dowa | -+ O OO0+ O + +4+— + A +
Up O o000 + —+— O — +
NeutralfNeutral O O OO OO + — A\ + A A
e O 000+ + +4A— + A A
up L O O o000 + C +— O + <+
Agalnstileutra O 4 O O_OO — O A— | _I_ O A
Pown |4 O Q0 OQ + OA— + O A

80 1,0 0 4,0 -80 -120 -160 -200  =2l,0x10"l
Iy - Iy
mbe

lgffect of slots on recovery - adverse denoted by o; none, by +; favorable, by 4;
incomplete data, by —-.
2

YIVN

Basic loading denoted by A.



NACA ' Figs. 1,3

Figure 1.- Model 1. A 1/20-scale model of the Curtiss XP-46
alrplane.

Figure 3.- Model 2. A 1/20-scale model of the Curtiss XSB20-1
airplane. '



NACA ' Figs. 3,5
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Figure 3.- Model 3. A 1/30-scale model of the Curtiss 0-52
airplane.

Figure 5.~ Model 5. A 1/16-scale model of the Naval Aircraft
Factory XOSN-1 airplane.
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Figure 4.- Model 4. A 1/l4-scale model of the Gurtiss XS03C-1 landplane.
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NACA Fig.6

(1 block = 10 divisions on Y2.5" Eng. scale)

- “IRffect of | -- |
Y slots on
2 recovery Loading
3 QO Adverse A Basic __
<»| -+ None B
/\ Favorable C L Variations
LY D
Yo
< e
<.
R
400 % 1074 N
°|
- 4A o
» )
‘& 320 4 &
“ -.1 / (#4
o= ’ 48 <
- ] QO s
- & 36, (%3
2 +21C -+
§ ; 240 /:4 S \’o'\;‘
<< A 4;163
v c 1D
» G4
- , A
k160 A f2a) Q 20
] & :
- 3A
8
0 —80 -160 =240 -320 -Loo x 10l
1y - Ig Addition of
mbl wing weights

Figure 6. - Separation of slot effect by means of several
mass~-distribution parameters. All spins with ailerons
and elevator neutral. :
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